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Description
BACKGROUND
1. Technical Field

[0001] This disclosure relates generally to an aircraft
propulsion system and, more particularly, to sealing a
gap between elements of the aircraft propulsion system.

2. Background Information

[0002] A nacelle for an aircraft propulsion system may
be configured with a thermal anti-icing system for miti-
gating or preventing formation of ice on an airflow inlet
to the propulsion system. One such thermal anti-icing
system bleeds relatively hot air from a compressor in a
turbine engine of the aircraft propulsion system. This hot
air is routed through a conduit and injected into a cavity
in a portion of the nacelle defining the airflow inlet. Given
the relatively high temperature of the hot air within the
conduit, expensive and/or complicated seal assemblies
are used to provide seals between the conduitand a bulk-
head / firewall within the nacelle through which the con-
duit extends. While these known seal assemblies have
various advantages, there is still room in the art for im-
provement. There is a need in the art therefore for an
improved seal assembly for engaging with a conduit of
a thermal anti-icing system.

[0003] US4351365Aand US 6003814 Adisclose prior
art conduit systems.

SUMMARY OF THE DISCLOSURE

[0004] According to an aspect of the present disclo-
sure, a system is provided for a nacelle of an aircraft
propulsion system as set forth in claim 1.

[0005] The sealland may also include a seal land tube.
The seal land mount may extend along a path from the
tubular inner structure to the seal land tube. A length of
the path may be at least four times greater than a shortest
distance from the tubular inner structure to the seal land
tube. The seal element may circumscribe and be seal-
ingly engaged with the seal land tube.

[0006] The seal land may be configured to provide a
restrictive heat conduction path from the tubular inner
structure to an outer surface of the seal land. The seal
element may circumscribe and contact the outer surface
of the seal land.

[0007] The sealland may also include a seal land tube.
An outer end of the outer conical element may be con-
nected to and radially within the seal land tube. The seal
element may circumscribe and contactthe seal land tube.
[0008] The seal land may also include a second seal
land mount. The second seal land mount may include a
second inner conical element and a second outer conical
element. An inner end of the second inner conical ele-
ment may be attached to the tubular inner structure. An
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outer end of the second inner conical element may be
connected to an inner end of the second outer conical
element. An outer end of the second outer conical ele-
ment may be connected to and radially within the seal
land tube.

[0009] The sealland may alsoinclude a seal land tube.
The seal land mount may connect the seal land tube to
the tubularinner structure. The seal element may circum-
scribe and contact the seal land tube.

[0010] The sealland may alsoinclude an annular array
of cooling elements.

[0011] The seal element may also include fibrous ma-
terial embedded within the polymer material.

[0012] The seal assembly may also include a second
seal element attached to the tubular outer structure. The
second seal element may circumscribe and be engaged
with the seal land. The second seal element may be con-
figured from or otherwise include a metal material.
[0013] The second seal element may be configured as
a turkey feather seal element.

[0014] The seal element may be clamped between the
tubular outer structure and the second seal element.
[0015] The sealland may alsoinclude a seal land tube.
The seal land mount may connect the seal land tube to
the tubular inner structure. The second seal element may
circumscribe and contact the seal land tube.

[0016] The seal land may also include a seal land tube
and a plurality of cooling elements. The seal land mount
may connect the seal land tube to the tubular inner struc-
ture. The cooling elements may be arranged circumfer-
entially about the seal land tube. Each of the cooling el-
ements may project radially out from the seal land tube.
[0017] The second seal element may circumscribe the
seal land tube. The second seal element may axially con-
tact one or more of the cooling elements.

[0018] The foregoing features and the operation of the
invention will become more apparent in light of the fol-
lowing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a side view illustration of an aircraft propul-
sion system.

FIG. 2 is a side sectional illustration of a portion of
the aircraft propulsion system configured with a ther-
mal anti-icing system.

FIG. 3is across-sectionalillustration of aninlet struc-
ture of a nacelle for the aircraft propulsion system
taken along line 3-3 in FIG. 2.

FIG. 4 is a side sectional illustration of a portion of
theinlet structure configured with a section of conduit
and a nozzle of the thermal anti-icing system.

FIG. 5 is an end view illustration of a seal land.
FIG. 6 is a side sectional illustration of a portion of
the seal land taken along line 6-6 in FIG. 5.

FIG. 7 is an end view illustration of a first seal ele-
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ment.

FIG. 8 is a side sectional illustration of a portion of
the first seal element taken along line 8-8 in FIG. 7.
FIG. 9 is an end view illustration of a second seal
element.

FIG. 10 is a side sectional illustration of a portion of
the second seal element taken along line 10-10 in
FIG. 9.

FIG. 11 is a side sectional illustration of a seal as-
sembly for sealing a gap between a tubular inner
structure and a tubular outer structure.

FIG. 12 is a side sectional illustration of another seal
assembly for sealing the gap between the tubular
inner structure and the tubular outer structure.

FIG. 13 is an end view illustration of another seal
land configured with one or more cooling elements.
FIG. 14 is a partial side sectional illustration of still
another seal assembly for sealing the gap between
the tubular inner structure and the tubular outer
structure.

DETAILED DESCRIPTION

[0020] FIG. 1 illustrates an aircraft propulsion system
20 for an aircraft such as, but not limited to, a commercial
airliner. The propulsion system 20 includes a nacelle 22
and a gas turbine engine (not visible in FIG. 1). This gas
turbine engine may be configured as a high-bypass tur-
bofan engine. Alternatively, the gas turbine engine may
be configured as any other type of gas turbine engine
capable of propelling the aircraft during flight.

[0021] The nacelle 22 is configured to house and pro-
vide an aerodynamic cover for the gas turbine engine.
The nacelle 22 includes a nacelle outer structure 24 that
extends along an axial centerline 26 between a nacelle
forward end 28 and a nacelle aft end 30. The nacelle
outer structure 24 of FIG. 1 includes a nacelle inlet struc-
ture 32, one or more fan cowls 34 (one such cowl visible
in FIG. 1) and a nacelle aft structure 36, which may be
configured as part of or include a thrust reverser system.
[0022] As discussed below in further detail, the inlet
structure 32 is disposed at the nacelle forward end 28.
The inlet structure 32 is configured to direct a stream of
air through an inlet opening 38 (see also FIG. 2) at the
nacelle forward end 28 and into a fan section of the gas
turbine engine.

[0023] The fan cowls 34 are disposed axially between
the inlet structure 32 and the aft structure 36. Each fan
cowl 34 of FIG. 1, in particular, is disposed at an aft end
40 of a stationary portion of the nacelle 22, and extends
forward to the inlet structure 32. Each fan cowl 34 is gen-
erally axially aligned with a fan section of the gas turbine
engine. The fan cowls 34 are configured to provide an
aerodynamic covering for a fan case 42, which circum-
scribes the fan section and partially forms an outer pe-
ripheral boundary of a bypass flowpath of the propulsion
system 20.

[0024] The term "stationary portion" is used above to
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describe a portion of the nacelle 22 that is stationary dur-
ing propulsion system 20 operation (e.g., during takeoff,
aircraft flight and landing). However, the stationary por-
tion may be otherwise movable for propulsion system 20
inspection / maintenance; e.g., when the propulsion sys-
tem 20 is non-operational. Each of the fan cowls 34, for
example, may be configured to provide access to com-
ponents of the gas turbine engine such as the fan case
42 and/or peripheral equipment configured therewith for
inspection, maintenance and/or otherwise. In particular,
each of fan cowls 34 may be pivotally mounted with the
aircraft propulsion system 20 by, for example, a pivoting
hinge system. Alternatively, the fan cowls 34 and the inlet
structure 32 may be configured into a single translatable
body for example. The present disclosure, of course, is
not limited to the foregoing fan cowl configurations and/or
access schemes.

[0025] The aft structure 36 of FIG. 1 is disposed at the
nacelle aft end 30. The aft structure 36 is configured to
form a bypass nozzle 44 for the bypass flowpath with a
nacelle inner structure 46 of the nacelle 22; e.g., an inner
fixed structure (IFS). The aft structure 36 may include
one or more translating sleeves 48 (one such sleeve vis-
ible in FIG. 1) for the thrust reverser system. The present
disclosure, however, is not limited to such a translatable
sleeve thrust reverser system, or to an aircraft propulsion
system 20 with a thrust reverser system.

[0026] FIG. 2 is a schematic side sectional illustration
of an assembly for the propulsion system 20 of FIG. 1.
This propulsion system assembly includes the inlet struc-
ture 32, the fan cowls 34 (one shown) and the fan case
42. The propulsion system assembly alsoincludes a ther-
mal anti-icing system 50.

[0027] Theinletstructure 32in FIG. 2includes atubular
inner barrel 52, an annular inlet lip 54, a tubular outer
barrel 56 and a plurality of inlet structure bulkheads 58
and 60. The inlet structure 32 is also configured with at
least one nozzle 62 and at least one fluid conduit 64
(schematically shown in FIG. 2) of the thermal anti-icing
system 50.

[0028] The inner barrel 52 extends circumferentially
around the axial centerline 26. The inner barrel 52 ex-
tends axially along the axial centerline 26 between an
inner barrel forward end 66 and an inner barrel aftend 68.
[0029] The inner barrel 52 may be configured to atten-
uate noise generated during propulsion system 20 oper-
ation and, more particularly for example, noise generated
by rotation of the fan. The inner barrel 52 of FIG. 2, for
example, includes at least one tubular acoustic panel 70
or an array of arcuate acoustic panels arranged around
the axial centerline 26. Each acoustic panel 70 may in-
clude a porous (e.g., honeycomb) core bonded between
a perforated face sheet and a non-perforated back sheet,
where the perforated face sheetfaces radially inward and
provides an outer boundary for an axial portion of the gas
path. Of course, various other acoustic panel types and
configurations are known in the art, and the present dis-
closure is not limited to any particular ones thereof.
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[0030] The inletlip 54 forms a leading edge 72 of the
nacelle 22 as well as the inlet opening 38 to the gas path.
The inlet lip 54 has a cupped (e.g., generally U-shaped)
cross-sectional geometry, which extends circumferen-
tially around the axial centerline 26. The inlet lip 54 in-
cludes an inner lip skin 74 and an outer lip skin 76, which
skins 74 and 76 may be formed from generally contigu-
ous, metallic material such as, but not limited to, alumi-
num or titanium.

[0031] The inner lip skin 74 extends axially from the
outer lip skin 76 at the nacelle forward end 28 to the inner
barrel 52. An aft end 78 of the inner lip skin 74 is attached
to the forward end 66 of the inner barrel 52 with, for ex-
ample, one or more fasteners; e.g., rivets, bolts, etc. The
inner lip skin 74 may also or alternatively be bonded (e.g.,
welded, brazed, adhered, etc.) to the inner barrel 52. Of
course, the present disclosure is not limited to any par-
ticular attachment techniques between the inlet lip 54
and the inner barrel 52.

[0032] The outer lip skin 76 extends axially from the
inner lip skin 74 at the nacelle forward end 28 to a forward
end 79 of the outer barrel 56.

[0033] The outer barrel 56 has a tubular outer barrel
skin 80 that extends circumferentially around the axial
centerline 26. The outer barrel skin 80 extends axially
along the axial centerline 26 from the inlet lip 54 and,
more particularly, the outer lip skin 76 to an aft end 82 of
the outer barrel 56. The outer barrel 56 may be formed
from or otherwise include metal such as, but not limited
to, aluminum or titanium. Alternatively, the outer barrel
56 may be formed from or otherwise include another a
composite material; e.g., fiber-reinforcement within a pol-
ymer matrix.

[0034] The forward bulkhead 58 is configured with the
inlet lip 54 to form a forward (e.g., annular) cavity 84
within the inlet lip 54. The forward bulkhead 58 of FIG.
2, in particular, is axially located approximately at (e.g.,
proximate, adjacent or on) the ends 78 and 79. The for-
ward bulkhead 58 may be configured as a substantially
annular body, which may be continuous or circumferen-
tially segmented. The forward bulkhead 58 is attached
to and extends radially between the inner lip skin 74 and
the outer lip skin 76. The forward bulkhead 58 may be
mechanically fastened to the inlet lip 54 with one or more
fasteners. The forward bulkhead 58 may also or alterna-
tively be bonded and/or otherwise connected to the inlet
lip 54. The forward bulkhead 58 may be formed from or
otherwise include metal such as, but not limited to, alu-
minum or titanium.

[0035] The cavity 84 extends axially within the inlet lip
54 from a forward end 86 of the inlet lip 54 to the forward
bulkhead 58. The cavity 84 extends radially within the
inlet lip 54 from the inner lip skin 74 to the outer lip skin
76. Referring to FIG. 3, the cavity 84 also extends longi-
tudinally (e.g., circumferentially) along a curvilinear lon-
gitudinal centerline 88 of the cavity 84 within the inlet lip
54, which curvilinear centerline 88 extends circumferen-
tially about the axial centerline 26.

10

15

20

25

30

35

40

45

50

55

[0036] Referring again to FIG. 2, the aft bulkhead 60
may be configured to provide a firewall / heat shield be-
tween the inlet structure 32 and the remainder of the na-
celle 22. The aft bulkhead 60 of FIG. 2, for example, is
located at (e.g., on, adjacent or proximate) the aft ends
68 and 82. The aft bulkhead 60 may be configured as a
substantially annular body, which may be continuous or
circumferentially segmented. The aft bulkhead 60 is at-
tached to and extends radially between the inner barrel
52 and the outer barrel 56. The aft bulkhead 60 may be
mechanically fastened to the inner barrel 52 and/or the
outer barrel 56 with one or more fasteners (not visible in
FIG. 2). The aft bulkhead 60 may also or alternatively be
bonded and/or otherwise connected to the inner barrel
52 and/or the outer barrel 56. The aft bulkhead 60 may
be formed from or otherwise include metal such as, but
not limited to, aluminum or titanium.

[0037] The nozzle 62 is configured to inject fluid (e.g.,
heated air), which is received from the thermal anti-icing
system 50 through the fluid conduit 64, approximately
longitudinally into the cavity 84. For example, the nozzle
62 can direct the fluid into the cavity 84 approximately
tangentially to the centerline 88.

[0038] The nozzle 62 of FIGS. 2 and 3 includes a noz-
zle base 92 and a nozzle tip 94. The nozzle base 92 is
configured with the forward bulkhead 58. In particular,
the nozzle base 92 is connected to and projects axially
from the forward bulkhead 58 to the nozzle tip 94. The
nozzle tip 94 projects out and is cantilevered from the
nozzle base 92 in a lateral direction to a distal end outlet
where the fluid is directed longitudinally out from the noz-
zle 62 and into the cavity 84. The present disclosure, of
course, is not limited to the foregoing nozzle configura-
tion. Furthermore, the present disclosure is not limited to
a thermal anti-icing system with a single nozzle. For ex-
ample, one or more additional nozzles may be positioned
at respective circumferential and/or radial positions
about the forward bulkhead 58.

[0039] Thefluid conduit64 fluidly couples afluid source
96 (e.g., a compressor bleed of the gas turbine engine)
for the thermal anti-icing system 50 with the nozzle 62.
To provide such a fluid coupling, the fluid conduit 64 ex-
tends through various support structures including the
forward bulkhead 58 and the aft bulkhead 60. In order to
maintain integrity of the firewall / heat shield functionality
of the aft bulkhead 60, a seal assembly 98 is provided at
an intersection between the fluid conduit 64 and the aft
bulkhead 60. A portion of the fluid conduit 64 between
the bulkheads 58 and 60 may also be configured with a
double wall as described below in further detail.

[0040] During operation of the thermal anti-icing sys-
tem 50, fluid (e.g., heated air) is directed from the fluid
source 96 through the fluid conduit 64 to the nozzle 62.
The fluid is then approximately longitudinally injected into
the cavity 84 by the nozzle 62 in order to heat the material
of the inlet lip 54 in order to prevent or mitigate formation
of ice on the inlet structure 32 and, more particularly, the
inlet lip 54.



7 EP 3 789 302 B1 8

[0041] The fluid received from the fluid source 96 and
directed through the fluid conduit 64 may reach relatively
high temperatures. Exposure to such high temperatures
may cause degradation and/or failure of polymer seal
materials such as, but not limited to, silicon. Known seal
assemblies with polymer seal elements therefore may
not be suitable for sealing the intersection between the
fluid conduit 64 and the aft bulkhead 60. However, a pol-
ymer seal element may be less expensive than and/or
may provide improved sealing characteristics relative to
a metal seal element. The seal assembly 98 of the
present disclosure therefore is configured, as described
below, to accommodate relatively high temperatures
while still enabling use of, for example, a polymer seal
element.

[0042] FIG. 4 illustrates an interface between the fluid
conduit 64 and the bulkheads 58 and 60. A section of the
fluid conduit 64 shown in FIG. 4 is configured with a dou-
ble wall construction. In particular, the fluid conduit 64
includes a tubular inner structure 100 (e.g., an inner con-
duit segment) and a tubular outer structure 102 (e.g., an
outer conduit segment).

[0043] The inner structure 100 is configured with a tu-
bular sidewall 104. This inner structure tubular sidewall
104 extends axial along an axial conduit centerline 106
between an upstream inner structure end 108 and a
downstreaminner structure end 110. The upstream inner
structure end 108 is fluidly coupled with the fluid source
96 (see FIG. 2) through at least another section of the
fluid conduit 64. The downstream inner structure end 110
is fluidly coupled with the nozzle 62 and its nozzle base
92. The inner structure tubular sidewall 104 of FIG. 4, for
example, may be formed integral with the nozzle 62 and
its base 92 as a single tubular structure. Of course, in
other embodiments, the nozzle base 92 may be other-
wise connected (directly or indirectly) to the downstream
inner structure end 110; e.g., via a mechanical joint, a
braze joint or a weld joint.

[0044] The inner structure tubular sidewall 104 ex-
tends radially, relative to the conduit centerline 106, be-
tween an interior inner structure surface 112 and an ex-
terior inner structure surface 114. The interiorinner struc-
ture 112 surface and/or the exterior inner structure sur-
face 114 may each be a tubular surface; e.g., a cylindrical
surface.

[0045] The inner structure 100 may be constructed
from or otherwise include a metal material.

[0046] The outer structure 102 is configured with a tu-
bular sidewall 116 and one or more (e.g., annular) flanges
118 and 120. The outer structure tubular sidewall 116
extends axial along the conduit centerline 106 between
an upstream outer structure end 122 and a downstream
outer structure end 124. The outer structure tubular side-
wall 116 extends radially, relative to the conduit center-
line 106, between an interior outer structure surface 126
and an exterior outer structure surface 128. The interior
outer structure surface 126 and/or the exterior outer
structure surface 128 may each be a tubular surface;
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e.g., a cylindrical surface.

[0047] The upstream flange 118 is connected to the
outer structure tubular sidewall 116 at the upstream outer
structure end 122. For example, the upstream flange 118
projects at least radially, relative to the conduit centerline
106, out from the outer structure tubular sidewall 116 at
the upstream outer structure end 122 to a distal outer
edge. In the embodiments of FIG. 4, an (e.g., annular)
inner portion 130 of the upstream flange 118 also projects
axially along the conduit centerline 106 away from the
upstream outer structure end 122 to an (e.g., annular)
outer portion 132 of the upstream flange 118. The up-
stream flange 118 as well as its inner and its outer por-
tions 130 and 132 extend circumferentially about (e.g.,
complete around) the outer structure tubular sidewall 116
and the conduit centerline 106.

[0048] The downstream flange 120 is connected to the
outer structure tubular sidewall 116 at the downstream
outer structure end 124. For example, an (e.g., annular)
inner portion 134 of the downstream flange 120 projects
at least radially, relative to the conduit centerline 106, in
from the outer structure tubular sidewall 116 at the down-
stream outer structure end 124 to a distal inner edge. An
(e.g., annular) outer portion 136 of the downstream
flange 120 projects atleastradially, relative to the conduit
centerline 106, out from the outer structure tubular side-
wall 116 at the downstream outer structure end 124 to a
distal outer edge. The downstream flange 120 thereby
extends radially between its distal inner and its distal out-
er edges. Of course, in other embodiments, the inner
portion 134 or the outer portion 136 of the downstream
flange 120 may be omitted.

[0049] In some embodiments, the distal outer edge of
the downstream flange 120 may have a radius sized less
than a radius of the distal outer edge of the upstream
flange 118. The downstream flange 120 may thereby be
passed through an opening 138 in the aft bulkhead 60
during installation.

[0050] The outer structure 102 is configured to provide
an enclosure around the inner structure 100 in case of
inner structure 100 burst. The outer structure 102 is also
or alternatively configured to form an insulating cavity
140 (e.g., annulus) around the inner structure 100. This
cavity 140 extends radially, relative to the conduit cen-
terline 106, between the exterior inner structure surface
104 and the interior outer structure surface 126. The cav-
ity 140 extends axially along the conduit centerline 106
from the downstream flange 120 to the seal assembly
98. The inner structure 100 thereby is located within the
cavity 140. More particularly, the inner structure 100 ex-
tends axially within / projects axially through a bore of
the outer structure 102.

[0051] The upstream flange 118 is mounted to the aft
bulkhead 60. The outer portion 132 of the upstream
flange 118, for example, may be mechanically attached
to the aft bulkhead 60 by one or more fasteners 142; e.g.,
bolts or rivets.

[0052] The downstream flange 120 may be mounted
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to the forward bulkhead 58. The outer portion 134 and/or
the inner portion 136 of the downstream flange 120, for
example, may be mechanically attached and/or bonded
to the forward bulkhead 58. Alternatively, the down-
stream flange 120 may axially abut against (or be posi-
tioned axially next to) the forward bulkhead 58 without a
connection therebetween to allow axial movement ther-
ebetween.

[0053] The inner portion 134 of the downstream flange
120 circumscribes and may radially engage (e.g., con-
tact) the inner structure tubular sidewall 104. The down-
stream flange 120 may thereby locate the downstream
outer structure end 124 radially relative to the down-
stream inner structure end 110.

[0054] The seal assembly 98 is configured to close off
an end of the insulating cavity 140 between the inner
structure 100 and the outer structure 102. The seal as-
sembly 98, for example, is configured to substantially
seal / plug a (e.g., annular) gap extending radially be-
tween and defined by the inner structure 100 and the
outer structure 102.

[0055] The seal assembly 98 of FIG. 4 includes a seal
land 144 and one or more seal elements 146 and 148.
The seal land 144 is configured to provide a restrictive
(e.g., limited) heat conduction path from the inner struc-
ture 100 to an outer surface 150 of the seal land 144.
With such a configuration, a temperature of the seal land
material at the outer surface 150 may be (e.g., at least
2-10 times) less than a temperature of the seal land ma-
terial engaged with (e.g., contacting) the inner structure
100 during thermal anti-icing system 50 operation (see
FIG. 2). The present disclosure, however, is not limited
to such an exemplary temperature drop.

[0056] The seal land 144 may be configured as a full
hoop body. The seal land 144 of FIG. 5, for example,
extends circumferentially about (e.g., completely around)
the conduit centerline 106. Referring to FIG. 4, the seal
land 144 may thereby circumscribe the inner structure
100 and its tubular sidewall 104. Referring to FIG. 6, the
seal land 144 extends radially, relative to the conduit cen-
terline 106, between an inner seal land side 152 and an
exterior seal land side 154. The seal land 144 extends
axially along the conduit centerline 106 between oppos-
ing seal land ends 156 and 158.

[0057] The sealland 144 of FIG. 6 includes a seal land
tube 160 (e.g., a landing) and one or more seal land
mounts 162A and 162B (generally referred to as "162").
The seal land tube 160 extends axially along the conduit
centerline 106 between the seal land ends 156 and 158.
The sealland tube 160 extends radially out to and thereby
forms / carries the outer surface 150. Referring to FIG.
5, the seal land tube 160 extends circumferentially about
(e.g., completely around) the conduit centerline 106. The
outer surface 150 may be a tubular surface; e.g., a cy-
lindrical surface.

[0058] Each of the seal land mounts 162 extends cir-
cumferentially about (e.g., completely around) the con-
duit centerline 106. Referring to FIG. 6, each of the seal
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land mounts 162 is configured to mount (e.g., connect)
the seal land tube 160 to the inner structure 100 (see
FIG. 4). Each seal land mount 162 of FIG. 6 includes an
(e.g., annular) inner conical element 164A, 164B (gen-
erally referred to as "164") and an (e.g., annular) outer
conical element 166A, 166B (generally referred to as
"166"). Each of the conical elements 164, 166 extends
circumferentially about (e.g., completely around) the con-
duit centerline 106 as shown in FIG. 5.

[0059] Referring to FIG. 6, each inner conical element
164 extends diagonally (e.g., radially and axially in a first
direction) between an inner end 168A, 168B (generally
referred to as "168") and an outer end 170A, 170B (gen-
erally referred to as "170"). Each outer conical element
166 extends radially and axially diagonally (e.g., radially
and axially in a second direction) between an inner end
172A, 172B (generally referred to as "172") and an outer
end 174A, 174B (generally referred to as "174"), where
the second direction is opposite the first direction of the
inner conical element 164 in the same seal land mount
162. The inner end 168 of each inner conical element
164 is connected (e.g., welded or otherwise attached) to
the inner structure 100 and its tubular sidewall 104 (see
FIG. 4). The outer end 170 of each inner conical element
164 is connected (e.g., welded or otherwise attached) to
the outer conical element 166 and its innerend 172. The
outer end 174 of each outer conical element 166 is con-
nected (e.g., welded or otherwise attached) to the seal
land tube 160 at, for example, a respective end 156, 158.
Each seal land mount 162 may thereby extend along an
extended (e.g., tortuous) path 176A, 176B (generally re-
ferred to as "176") from the inner structure 100 to the
seal land tube 160. This extended path 176 may have a
length 178 that is greater than a shortest (e.g., minimum
radial) distance 180 between the inner structure 100 (see
FIG. 4) and the seal land tube 160 and/or the outer sur-
face 150. For example, the length 178 of the extended
path 176 may be at least two times (e.g., at least 4-6
times) greater than the distance 180. The present disclo-
sure, however, is not limited to such an exemplary spatial
relationship. In the specific embodiment of FIG. 6, the
extended path 176 provides each seal land mount 162
with a v-shaped sectional geometry when viewed, for ex-
ample, in a plane parallel to the conduit centerline 106;
e.g., the plane of FIG. 6.

[0060] In the embodiment of FIG. 6, the seal land
mounts 162A and 162B have mirror image configura-
tions. However, in other embodiments, the seal land
mounts 162A and 162B may alternatively have a com-
mon orientation and/or different configurations. For ex-
ample, in some embodiments, longitudinal lengths of the
elements 164A and 166A may be respectively equal to
longitudinal length of the elements 164B and 166B,
where the term "longitudinal length" may describe an
end-to-end length in the axial-radial plane of FIG. 6. How-
ever, in other embodiments, the longitudinal length(s) of
the elements 164A and/or 166A may be respectively
greater than or less than the longitudinal length(s) of the
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elements 164B and/or 166B.

[0061] In order to further reduce conduction through
the seal land mounts 162, each mount 162 may be con-
figured with a material thickness 182 that is significantly
less than the length 178 of the extended path 176. For
example, the material thickness 182 (e.g., measured per-
pendicular to the path) may be at least 10, 20, 30 or more
times less than the length 178 of the extended path 176.
The present disclosure, however, is not limited to such
an exemplary spatial relationship.

[0062] The seal land 144 may be constructed from or
otherwise include a metal material.

[0063] Referringto FIGS.7 and 8, the first seal element
146 may be configured as a full hoop body. The first seal
element 146 of FIG. 7, for example, extends circumfer-
entially about (e.g., completely around) the conduit cen-
terline 106.

[0064] Referring to FIG. 8, the first seal element 146
extends axially along the conduit centerline 106 between
opposing (e.g., annular) first seal element side surfaces
184 and 186. Each of these side surfaces 184 and 186
may be a substantially (e.g., circumferentially and/or ra-
dially) uninterrupted surface. The term "uninterrupted"” is
used herein to describe a surface without any surface
interruptions such as, forexample, apertures (e.g., holes,
grooves, etc.) breaking the plane of / piercing the surface.
Of course, these otherwise uninterrupted surfaces 184
and 186 may be pierced by one or more fastener aper-
tures for attaching the first seal element 146 to the aft
bulkhead 60 (e.g., see FIG. 4). However, in other em-
bodiments, one or more of the side surfaces may alter-
natively include one or more interruptions. For example,
each side surface 184, 186 may include a split (e.g., joint)
line where the first seal element 146 is formed from an
array of arcuate segments.

[0065] The first seal element 146 extends radially, rel-
ative to the conduit centerline 106, between an inner first
seal element edge 188 and an outer first seal element
edge 190.

[0066] The first seal element 146 of FIGS. 7 and 8 is
configured with an (e.g., annular) inner portion 192 and
an (e.g., annular) outer portion 194. The inner portion
192 extends diagonally (e.g., radially and axially) from
the inner first seal element edge 188 to an intersection
between the inner and the outer portions 192 and 194.
The inner portion 192 may thereby have a conical geom-
etry. The outer portion 194 extends radially from the in-
tersection between the inner and the outer portions 192
and 194 to the outer first seal element edge 190. The
outer portion 194 may thereby have a planar geometry.
[0067] The first seal element 146 comprises a polymer
material. For example, the first seal element 146 may
include fibrous material / fiber reinforcement embedded
within a polymer matrix. An example of the fibrous ma-
terial is, but is not limited to, Nextel™ fabric material pro-
duced by 3M Company headquartered in MN, USA. The
polymer matrix may be a thermoset polymer or a ther-
moplastic polymer. An example of the polymer material
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is, but is not limited to, silicon (Si) polymer material.
[0068] Referring to FIGS. 9 and 10, the second seal
element 148 may be configured as a full hoop body. The
second seal element 148 of FIG. 9, for example, extends
circumferentially about (e.g., completely around) the con-
duit centerline 106. The second seal element 148 may
be circumferentially segmented (e.g., formed from 2 or
more arcuate segments), or circumferentially unseg-
mented.

[0069] Referring to FIG. 10, the second seal element
148 extends axially along the conduit centerline 106 be-
tween opposing (e.g., annular) second seal element side
surfaces 196 and 198. At least a portion of each of these
side surfaces 196 and 198 may be circumferentially in-
terrupted by one or more surface interruptions 200 (see
FIG. 9) as described below in further detail.

[0070] The second seal element 148 extends radially,
relative to the conduit centerline 106, between an inner
second seal element edge 202 and an outer second seal
element edge 204.

[0071] The second seal element 148 of FIG. 9 maybe
configured as a (e.g., annular) turkey feather seal. The
second seal element 148 of FIG. 9, for example, is con-
figured with one or more cuts 206 (e.qg., radial slits / sur-
face interruptions) arranged circumferentially about the
conduit centerline 106. Each of these cuts 206 extends
axially through the second seal element 148 between the
side surfaces 196 and 198 (see FIG. 10). Each of these
cuts 206 extends radially into the second seal element
148 from the inner second seal element edge 202. An
(e.g., annular) inner portion 208 and an (e.g., annular)
intermediate portion 210 of the second seal element 148
are thereby configured with an array of circumferentially
seal fingers 212.

[0072] Each of the seal fingers 212 is circumferentially
between and adjacent (e.g., directly next to) a pair of
circumferentially neighboring seal fingers 212. Inthe spe-
cificembodiment of FIG. 9, a lateral (e.g., circumferential
or tangential) width 214 of each seal finger 212 is signif-
icantly greater than a lateral (e.g., circumferential or tan-
gential) width 216 of each respective bordering cut 206.
For example, the lateral width 214 may be at least 5, 10,
15, 20 or more times greater than the lateral width 216.
The present disclosure, however, is not limited to such
an exemplary spatial relationship.

[0073] Theinnerportion 208 of FIG. 10 extends radially
from the inner second seal element edge 202 to an in-
tersection between the inner portion 208 and the inter-
mediate portion 210. The inner portion 208 may thereby
have a planar geometry; however, the inner portion 208
may also include a (e.g., annular) rim 218 at the edge
202. The intermediate portion 210 extends diagonally
(e.g., radially and axially) from the intersection between
the inner portion 208 and the intermediate portion 210 to
an intersection between the intermediate portion 210 and
an (e.g., annular) outer portion 220 of the second seal
element 148. The intermediate portion 210 may thereby
have a conical geometry. The outer portion 220 extends
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radially from the intersection between the intermediate
and the outer portions 210 and 220 to the outer second
seal element edge 204. The outer portion 220 may there-
by have a planar geometry.

[0074] Thesecondseal element 148 may be construct-
ed from or otherwise include a non-polymer material. For
example, the second seal element 148 be configured
from a (e.g., fireproof) metal material.

[0075] Referring to FIG. 11, the first and the second
seal elements 146 and 148 are each mounted to the outer
structure 102 and/or the aft bulkhead 60. The first and
the second seal elements 146 and 148 of FIG. 11, for
example, are each mounted to the outer structure 102
and the aft bulkhead 60 by the one or more fasteners
142. In the specific embodiments of FIG. 11, the outer
portion 194 of the first seal element 146 is arranged ax-
ially between (e.g., sandwiched / clamped between) and
contacts the outer portion 220 of the second seal element
148 and the outer portion 132 of the upstream flange
118. The outer portion 132 of the upstream flange 118
is arranged axially between (e.g., sandwiched / clamped
between) and contacts the outer portion 194 of the first
seal element 146 and the aft bulkhead 60. Each of the
one or more fasteners 142 projects sequentially through
the components 60, 118, 146 and 148, thereby securing
those components 60, 118, 146 and 148 together in an
axial stack.

[0076] The firstand the second seal elements 146 and
148 may each engage the seal land 144. The inner por-
tion 192 of the first seal element 146, for example, cir-
cumscribes and sealingly engages (e.g., radially con-
tacts) the outer surface 150. The inner portion 208 of the
second seal element 148 similarly circumscribes and
sealingly engages (e.g., radially contacts) the outer sur-
face 150. Each of the seal elements 146 and 148 thereby
functions to seal the gap between the inner and the outer
structures 100 and 102 as well as between the aft bulk-
head 60 and the conduit 64. The second seal element
148 also provides a flexible / compliant support for the
upstream end of the inner structure 100. The inner struc-
ture 100 may thereby shift slightly relative to the aft bulk-
head 60 and/or the outer structure 102 during propulsion
system 20 operation. In addition, the second seal ele-
ment 148 may also function as a heat sink and draw
thermal energy out of the seal land 144, thereby further
lowering the temperature at the outer surface 150.
[0077] In some embodiments, referring to FIGS. 12
and 13, the sealland 144 may include one or more cooling
elements 222. The seal land 144 of FIGS. 12 and 13, for
example, includes a plurality of cooling fins / vanes 224
arranged circumferentially around the seal land tube 160
(schematically shown) and its outer surface 150 in an
annular array. Each of these cooling fins 224 projects at
least radially outer from the outer surface 150 to a distal
outer fin end.

[0078] In some embodiments, referring to FIG. 14, the
second seal element 148 may also or alternatively en-
gage one or more or each of the cooling elements 222.
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The inner portion 208, for example, may engage (e.g.,
axially contact) axial ends of one or more or each of the
cooling elements 222.

Claims

1. A system for a nacelle (22) of an aircraft propulsion
system, comprising:

a tubular outer structure (102);

an anti-icing system (50) for an inlet structure
(32) of the nacelle (22), the anti-icing system
(50) comprising a tubular inner structure (100)
projecting through a bore of the tubular outer
structure (102); and

a seal assembly (98) configured to close an end
of an annulus (140) between the tubular outer
structure (102) and the tubular inner structure
(100), the seal assembly (98) including a seal
land (144) and a seal element (146);

the sealland (144) comprising a seal land mount
(162A) that circumscribes and is attached to the
tubular inner structure (100), the seal land mount
(162A) configured with a v-shaped sectional ge-
ometry in a plane that is parallel with a centerline
of the tubular inner structure (100); and

the seal element (146) attached to the tubular
outer structure (102), the seal element (146) cir-
cumscribing and sealingly engaged with the seal
land (144) characterized in that the seal ele-
ment (146) comprises a polymer material, and
in that:

the seal land mount (162A) includes an in-
ner conical element (164A) and an outer
conical element (166A);

an inner end (168A) of the inner conical el-
ement (164A) is attached to the tubular in-
ner structure (100); and

an outer end (170A) of the inner conical el-
ement (164A) is connected to an inner end
(172A) of the outer conical element (170A).

2. The system of claim 1, wherein

the seal land (144) further includes a seal land
tube (160);

the sealland mount (162A) extends along a path
(176A) from the tubular inner structure (100) to
the seal land tube (160), and a length (178) of
the path (176A)is atleast four times greater than
a shortest distance (180) from the tubular inner
structure (100) to the seal land tube (160); and
the seal element (146) circumscribes and is
sealingly engaged with the seal land tube (160).

3. The system of claim 1, wherein



15 EP 3 789 302 B1 16

the seal land (144) further includes a seal land
tube (160);

anouter end (174A) of the outer conical element
(166) is connected to and radially within the seal
land tube (160); and

the seal element (146) circumscribes and con-
tacts the seal land tube (160).

4. The system of claim 3, wherein

the seal land (144) further includes a second
seal land mount (162B);

the second seal land mount (162B) includes a
second inner conical element (164B) and a sec-
ond outer conical element (166B);

an inner end (168B) of the second inner conical
element (164B) is attached to the tubular inner
structure (100);

an outer end (170B) of the second inner conical
element (164B) is connected to an inner end
(172B) of the second outer conical element
(166B); and

an outer end (174B) of the second outer conical
element(166B)is connected to and radially with-
in the seal land tube (160).

The system of claim 1, wherein

the seal land (144) further includes a seal land
tube (160);

the seal land mount (162A) connects the seal
land tube (160) to the tubular inner structure
(100); and

the seal element (146) circumscribes and con-
tacts the seal land tube (160).

6. The system of claim 1, wherein

the seal assembly (98) further comprises a sec-
ond seal element (148) attached to the tubular
outer structure (102);

the second seal element (148) circumscribes
and is engaged with the seal land (144); and
the second seal element (148) comprising a
metal material.

The system of claim 6, wherein the second seal el-
ement (148) is configured as a turkey feather seal
element.

The system of claim 6 or 7, wherein the seal element
(146) is clamped between the tubular outer structure
(102) and the second seal element (148).

The system of claim 6, 7 or 8, wherein:

the seal land (144) further includes a seal land tube
(160), the seal land mount (162A) connects the seal
land tube (160) to the tubular inner structure (100),
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10.

and the second seal element (148) circumscribes
and contacts the seal land tube (160).

The system of claim 6, 7 or 8, wherein:

the seal land (144) further includes a seal land tube
(160) and a plurality of cooling elements (222), the
seal land mount (162A) connects the seal land tube
(160) to the tubular inner structure (100), and the
cooling elements (222) are arranged circumferen-
tially about the seal land tube (160), and each of the
cooling elements (222) projects radially out from the
seal land tube (160).

11. The system of claim 10, wherein:
the second seal element (148) circumscribes
the seal land tube (160); and
the second seal element (148) axially contacts
one or more of the cooling elements (222).
12. The system of any preceding claim, wherein
the seal land (144) is configured to provide a
restrictive heat conduction path from the tubular
inner structure (100) to an outer surface (150)
of the seal land (144); and
the seal element (146) circumscribes and con-
tacts the outer surface (150) of the seal land
(144).
13. The system of any preceding claim, wherein:
the seal land (144) further includes an annular array
of cooling elements (222).
14. The system of any preceding claim, wherein:
the seal element (146) further includes fibrous ma-
terial embedded within the polymer material.
Patentanspriiche
1. System fir eine Gondel (22) eines Luftfahrzeugan-

triebssystems, umfassend:

eine réhrenférmige aulere Struktur (102);

ein Eisverhiitungssystem (50) fir eine Einlass-
struktur (32) der Gondel (22), wobei das Eisver-
hitungssystem (50) eine réhrenférmige innere
Struktur (100) umfasst, die durch eine Bohrung
der réhrenférmigen aueren Struktur (102) her-
vorragt; und

eine Dichtungsanordnung (98), die dazu konfi-
guriert ist, ein Ende eines Ringraums (140) zwi-
schen der rohrenférmigen auleren Struktur
(102) und der réhrenférmigen inneren Struktur
(100) zu verschlielRen, wobei die Dichtungsan-
ordnung (98) einen Dichtungssteg (144) und ein
Dichtungselement (146) beinhaltet;
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wobei der Dichtungssteg (144) eine Dichtungs-
steghalterung (162A) umfasst, welche die réh-
renférmige innere Struktur (100) umgibt und an
dieser angebracht ist, wobei die Dichtungssteg-

der Dichtungssteg (144 )ferner eine zweite Dich-
tungssteghalterung (162B) beinhaltet;

die zweite Dichtungssteghalterung (162B) ein
zweites inneres konisches Element (164B) und

halterung (162A) mit einer v-formigen Quer- 5 ein zweites auleres konisches Element (166B)
schnittsgeometrie in einer Ebene, die parallel zu beinhaltet;
einer Mittellinie der réhrenférmigen inneren ein inneres Ende (168B) des zweiten inneren
Struktur (100) verlauft, konfiguriert ist; und konischen Elements (164B) an der réhrenférmi-
wobei das Dichtungselement (146) an der roh- gen inneren Struktur (100) angebracht ist;
renférmigen auBeren Struktur (102) angebracht 70 ein aulBeres Ende (170B) des zweiten inneren
ist, wobei das Dichtungselement (146) den konischen Elements (164B) mit einem inneren
Dichtungssteg (144) umgibt und abdichtend mit Ende (172B) des zweiten dufleren konischen
diesem in Eingriff steht, dadurch gekennzeich- Elements (166B) verbunden ist; und
net, dass das Dichtungselement (146) ein Po- ein duleres Ende (174B) des zweiten dulieren
lymermaterial umfasst und dass: 15 konischen Elements (166B) mitdem Dichtungs-
stegrohr (160) verbunden ist und sich radial in-
die Dichtungssteghalterung (162A) ein in- nerhalb davon befindet.
neres konisches Element (164A) und ein
auleres konisches Element (166A) bein- System nach Anspruch 1, wobei
haltet; 20
ein inneres Ende (168A) des inneren koni- der Dichtungssteg (144) ferner ein Dichtungs-
schen Elements (164A) an der rohrenférmi- stegrohr (160) beinhaltet;
gen inneren Struktur (100) angebracht ist; die Dichtungssteghalterung (162A) das Dich-
und tungsstegrohr (160) mit der réhrenférmigen in-
ein dulReres Ende (170A) des inneren koni- 25 neren Struktur (100) verbindet; und das Dich-
schen Elements (164A) mit einem inneren tungselement (146) das Dichtungsstegrohr
Ende (172A) des aulleren konischen Ele- (160) umgibt und berihrt.
ments (170A) verbunden ist.
6. System nach Anspruch 1, wobei
2. System nach Anspruch 1, wobei 30
die Dichtungsanordnung (98) ferner ein zweites
der Dichtungssteg (144) ferner ein Dichtungs- Dichtungselement (148) umfasst, das an der
stegrohr (160) beinhaltet; réhrenférmigen aufleren Struktur (102) ange-
sich die Dichtungssteghalterung (162A) entlang bracht ist;
eines Pfads (176A) von der rohrenférmigen in- 35 das zweite Dichtungselement (148) den Dich-
neren Struktur (100) zu dem Dichtungsstegrohr tungssteg (144) umgibt und mit diesem in Ein-
(160) erstreckt und eine Lange (178) des Pfads griff steht; und
(176A) mindestens viermal groRer ist als eine das zweite Dichtungselement (148) ein Metall-
kiirzeste Entfernung (180) von der réhrenférmi- material umfasst.
gen inneren Struktur (100) zu dem Dichtungs- 40
stegrohr (160); und System nach Anspruch 6, wobei das zweite Dich-
das Dichtungselement (146) das Dichtungs- tungselement (148) als Truthahnfeder-Dichtungse-
stegrohr (160) umgibt und abdichtend mit die- lement konfiguriert ist.
sem in Eingriff steht.
45 System nach Anspruch 6 oder 7, wobei das Dich-
3. System nach Anspruch 1, wobei tungselement (146) zwischen der réhrenférmigen
aufleren Struktur (102) und dem zweiten Dichtungs-
der Dichtungssteg (144) ferner ein Dichtungs- element (148) eingeklemmt ist.
stegrohr (160) beinhaltet;
ein auleres Ende (174A) des auReren koni- 50 System nach Anspruch 6, 7 oder 8, wobei:
schen Elements (166) mit dem Dichtungssteg- der Dichtungssteg (144) ferner ein Dichtungssteg-
rohr (160) verbunden ist und sich radial inner- rohr (160) beinhaltet, die Dichtungssteghalterung
halb davon befindet; und (162A) das Dichtungsstegrohr (160) mit der réhren-
das Dichtungselement (146) das Dichtungs- férmigen inneren Struktur (100) verbindet und das
stegrohr (160) umgibt und berthrt. 55 zweite Dichtungselement (148) das Dichtungssteg-

rohr (160) umgibt und berthrt.

4. System nach Anspruch 3, wobei
10. System nach Anspruch 6, 7 oder 8, wobei:

10
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der Dichtungssteg (144) ferner ein Dichtungssteg-
rohr (160) und eine Vielzahl von Kiihlelementen
(222) beinhaltet, die Dichtungssteghalterung (162A)
das Dichtungsstegrohr (160) mit der réhrenférmigen
inneren Struktur (100) verbindet und die Kihlele-
mente (222) in Umfangsrichtung um das Dichtungs-
stegrohr (160) angeordnet sind und jedes der Kiihl-
elemente (222) radial aus dem Dichtungsstegrohr
(160) hervorragt.

System nach Anspruch 10, wobei:

das zweite Dichtungselement (148) das Dich-
tungsstegrohr (160) umgibt; und

das zweite Dichtungselement (148) eines oder
mehrere der Kiihlelemente (222) axial beruhrt.

System nach einem der vorhergehenden Anspri-
che, wobei

der Dichtungssteg (144) dazu konfiguriertist, ei-
nen einschrankenden Warmeleitungspfad von
der réhrenférmigen inneren Struktur (100) zu ei-
ner AuBenflache (150) des Dichtungsstegs
(144) bereitzustellen; und

das Dichtungselement (146) die AuBenflache
(150) des Dichtungsstegs (144) umgibt und be-
ruhrt.

System nach einem der vorhergehenden Anspri-
che, wobei:

der Dichtungssteg (144) ferner ein ringférmiges Ar-
ray von Kiihlelementen (222) beinhaltet.

System nach einem der vorhergehenden Anspri-
che, wobei:

das Dichtungselement (146) ferner Fasermaterial
beinhaltet, das in das Polymermaterial eingebettet
ist.

Revendications

1.

Systeme pour une nacelle (22) d’un systéme de pro-
pulsion d’aéronef, comprenant :

une structure extérieure tubulaire (102) ;

un systeme antigivrage (50) pour une structure
d’entrée (32) de la nacelle (22), le systéme an-
tigivrage (50) comprenant une structure inté-
rieure tubulaire (100) faisant saillie a travers un
alésage de la structure extérieure tubulaire
(102) ; et

un ensemble d’étanchéité (98) congu pour fer-
mer une extrémité d’un espace annulaire (140)
entre la structure extérieure tubulaire (102) etla
structure intérieure tubulaire (100), 'ensemble
d’étanchéité (98) comportant une zone d’étan-
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1"

20

chéité (144) et un élément d’étanchéité (146) ;
la zone d’étanchéité (144) comprenant un sup-
port de zone d’étanchéité (162A) qui circonscrit
et est fixé a la structure intérieure tubulaire
(100), le support de zone d’étanchéité (162A)
étant congu avec une géométrie de section en
forme de V dans un plan qui est paralléle a une
ligne centrale de la structure intérieure tubulaire
(100) ; et

I'élément d’étanchéité (146) étant fixé a la struc-
ture extérieure tubulaire (102), I'élément d’étan-
chéité (146) circonscrivant et étant en contact
étanche avec la zone d’étanchéité (144) carac-
térisé en ce que I'élément d’étanchéité (146)
comprend un matériau polymeére, eten ce que :

le support de zone d’étanchéité (162A)
comporte un élément conique intérieur
(164A) et un élément conique extérieur
(166A) ;

une extrémité intérieure (168A) de I'élément
conique intérieur (164A) est fixée a la struc-
ture intérieure tubulaire (100) ; et

une extrémité extérieure (170A) de I'élé-
ment conique intérieur (164A) est reliée a
une extrémité intérieure (172A) del’élément
conique extérieur (170A).

2. Systeme selon la revendication 1, dans lequel

lazone d’étanchéité (144) comporte en outre un
tube de zone d’étanchéité (160) ;

le support de zone d’étanchéité (162A) s’étend
le long d’un chemin (176A) depuis la structure
intérieure tubulaire (100) vers le tube de zone
d’étancheéité (160), et une longueur (178) du
chemin (176A) est au moins quatre fois supé-
rieure a une distance la plus courte (180) depuis
la structure intérieure tubulaire (100) jusqu’au
tube de zone d’étanchéité (160) ; et I'élément
d’étanchéité (146) circonscrit et est en contact
étanche avecle tube de zone d’étanchéité (160).

3. Systeme selon la revendication 1, dans lequel

lazone d’étanchéité (144) comporte en outre un
tube de zone d’étanchéité (160) ;

une extrémité extérieure (174A)del’élément co-
nique extérieur (166) est reliée a et radialement
al'intérieur du tube de zone d’étanchéité (160) ;
et

I’élément d’étanchéité (146) circonscrit et vient
en contact avec le tube de zone d’étanchéité
(160).

4. Systeme selon la revendication 3, dans lequel

lazone d’étanchéité (144) comporte en outre un



21 EP 3 789 302 B1

second support de zone d’étanchéité (162B) ;
le second support de zone d’étanchéité (162B)
comporte un second élément conique intérieur
(164B) et un second élément conique extérieur
(166B) ;

une extrémité intérieure (168B) du second élé-
ment conique intérieur (164B) est fixée a la
structure intérieure tubulaire (100) ; et

une extrémité extérieure (170B) du second élé-
ment conique intérieur (164B) est reliée a une
extrémité intérieure (172B) du second élément
conique extérieur (166B) ; et

une extrémité extérieure (174B) du second élé-
ment conique extérieur (166B) est reliée a et
radialement a l'intérieur du tube de zone d’étan-
chéité (160).

Systeme selon la revendication 1, dans lequel

la zone d’étanchéité (144) comporte en outre un
tube de zone d’étanchéité (160) ;

le support de zone d’étanchéité (162A) relie le
tube de zone d’étanchéité (160) a la structure
intérieure tubulaire (100) ; et

I'élément d’étanchéité (146) circonscrit et vient
en contact avec le tube de zone d’étanchéité
(160).

Systeme selon la revendication 1, dans lequel :

'ensemble d’étanchéité (98) comprend en outre
un second élément d’étanchéité (148) fixé a la
structure extérieure tubulaire (102) ;

le second élémentd’étanchéité (148) circonscrit
et est en contact avec la zone d’étanchéité
(144) ; et

le second élément d’étanchéité (148) comprend
un matériau métallique.

Systeme selon la revendication 6, dans lequel le se-
cond élément d’étanchéité (148) est congu comme
un élément d’étanchéité de type plume de dinde.

Systeme selon la revendication 6 ou 7, dans lequel
I'élément d’étanchéité (146) est serré entre la struc-
ture extérieure tubulaire (102) et le second élément
d’étanchéité (148).

Systeme selon la revendication 6, 7 ou 8, dans
lequel :

la zone d’étanchéité (144) comporte en outre un
tube de zone d’étanchéité (160), le support de
zone d’étanchéité (162A) relie le tube de zone
d’étanchéité (160) a la structure intérieure tubu-
laire (100), et le second élément d’'étanchéité
(148) circonscrit et vient en contact avec le tube
de zone d’étanchéité (160) .
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Systeme selon la revendication 6, 7 ou 8, dans
lequel :

lazone d’étanchéité (144) comporte en outre un tube
de zone d’étanchéité (160) et une pluralité d’éle-
ments de refroidissement (222), le support de zone
d’étanchéité (162A) relie le tube de zone d’étanchéi-
té (160) a la structure intérieure tubulaire (100), et
les éléments de refroidissement (222) sont agencés
circonférentiellement autour du tube de zone d’étan-
chéité (160), et chacun des éléments de refroidisse-
ment (222) fait saillie radialement hors du tube de
zone d’étanchéité (160) .

Systeme selon la revendication 10, dans lequel :

le second élément d’étanchéité (148) circonscrit
le tube de zone d’étanchéité (160) ; et

le second élément d’'étanchéité (148) vient en
contact axial avec un ou plusieurs des éléments
de refroidissement (222).

Systeme selon une quelconque revendication pré-
cédente, dans lequel

la zone d’étanchéité (144) est congue pour four-
nir un chemin de conduction thermique restrictif
depuis la structure intérieure tubulaire (100) jus-
qu’a une surface extérieure (150) de la zone
d’étanchéité (144) ; et

I’élément d’étanchéité (146) circonscrit et vient
en contact avec la surface extérieure (150) de
la zone d’étanchéité (144).

Systeme selon une quelconque revendication pré-
cédente, dans lequel :

la zone d’étanchéité (144) comporte en outre un ré-
seau annulaire d’éléments de refroidissement (222).

Systeme selon une quelconque revendication pré-
cédente, dans lequel :

I’élément d’étanchéité (146) comporte en outre un
matériau fibreux intégré a l'intérieur du matériau po-
lymere.
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